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ABSTRACT

White-tailed deer (Odocoileus virginianus) breeding phenology varies temporally
throughout the species’ range and is critical to population management and hunter
enjoyment. The South Carolina Department of Natural Resources (SCDNR) demographic
and reproductive data, collected primarily from 1970-1992, suggest that 81.86% of
conceptions in the Coastal Plain occur between 6 October and 16 November. However,
current data regarding conception dates are lacking for a variety of reasons including the
current absence of check stations and the use of hunter surveys as the primary means of
data collection. To more closely examine recent characteristics of the white-tailed deer
breeding season phenology, we collected a total of 274 reproductive tracts from a variety
of novel sources in the Coastal Plain of South Carolina including a deer processor,
private properties, hunt clubs, and wildlife control operators in residential developments
in 2010 (n=152) and 2011 (n=122). We also used 34 known parturition dates from an
ongoing fawn mortality study (Savannah River Site, Barnwell County, SC) to determine
the date of conception. Our results show that 53.26% of conceptions occurred between 6
October and 16 November and that 29.89% of does had not conceived by 16 November.
Conception dates ranged from 31 August to 30 December in 2010 and 10 September to 4
January in 2011. We also calculated fecundity for all pregnant does in our study (n=219)
and fecundity by age-class when age was known (n=58). With current economic and
logistical constraints limiting the opportunity for the SCDNR to collect reproductive data
from deer, alternative methods are necessary to assess the reproductive parameters of the
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deer herd in a more recent context so that management decisions are based on current
data that reflect the dynamic nature of white-tailed deer populations.
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CHAPTER ONE
INTRODUCTION

White-tailed deer (Odocoileus virginianus) breeding phenology varies temporally
throughout the species’ range and is critical to population management and hunter
enjoyment. Several factors influence the timing and duration of rutting behavior
including sex ratio (Guynn and Hamilton 1986), latitude (Cheatum and Morton 1946,
Richter and Labisky 1985, Bubenik et al. 1990) and the nutritional status (Verme 1965,
Cothran et al. 1987) and age of females (Haugen 1975, Johns et al. 1977, Butts et al.
1978, McCullough 1979). Northern deer herds breed within a relatively short period and
conception dates do not vary significantly from year to year (Cheatum and Morton 1946,
McCullough 1979). However, herds in more southern latitudes show much more
variation in breeding dates. For instance, white-tailed deer in St. Croix (US Virgin
Islands, USA) breed all months of the year (Webb and Nellis 1981). Additionally, ranges
of conceptions dates of more than 6 months have been reported for populations of whitetailed deer in Florida (Richter and Labisky 1985). Reported ranges for conception dates
of as much as 156 days in Louisiana (Roberson and Dennett 1966) and 103 days in
Mississippi (Jacobson et al. 1979) and 96 days in South Carolina (Guynn and Hamilton
1986) have also been observed. In contrast, a mean range of 46 days for 10 wild
populations in Mississippi was reported by Dye et al. (2012). Additionally, Rhodes et al.
(1991) found that 95% of deer on the Savannah River Site (New Ellenton, SC) bred
within a 60 day range.
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Historic data from the South Carolina Department of Natural Resources
(SCDNR) show that peak breeding occurs in mid-October along the coast and transpires
progressively later as one moves north and westward from the Coastal Plain to the
mountains in the extreme northwestern portion of the state (Appendix A). The SCDNR
reports that 83% of conceptions state-wide occur between 6 October and 16 November
(Appendix B) . However, recent data regarding conception dates are lacking for a variety
of reasons including the current absence of check stations and the use of hunter surveys
as the primary means of data collection by the SCDNR. Additionally, the reproductive
potential of the deer herd is not known for the same reasons.
Assessing the reproductive biology of a deer herd is essential to setting
appropriate harvest prescriptions and seasons. Breeding parameters can be used as indices
of herd condition, reproductive performance, fetal sex ratio, and density relative to
carrying capacity (Strickland et al. 2008). Productivity metrics such as ovulation and
lactation rates, fecundity, fetal sex ratios, and breeding chronology all contribute to the
amount of reproductive potential within a herd and, consequently, the amount of
mortality that can be sustained in a hunted population. Additionally, age-specific
productivity has a significant influence on overall recruitment rates for cervids (Gaillard
et al. 2003, Rhodes et al. 1986). In a fecundity study of South Carolina deer, Rhodes et al.
(1986) determined that fawns contributed as much as 11% of the fawn crop each year.
However, productivity can only be accurately estimated from collecting reproductive data
because population models based on harvest rates alone do not necessarily reflect the
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temporal variation in herd productivity, especially if the age structure of the harvest is not
known (McCullough 1979, Hansen et al. 1996, Kilgo et al. 2010).
Later mean conception dates can result from numerous factors including a sex
ratio skewed toward more females, poor nutrition, and fawn breeding (Guynn and
Hamilton 1986, Verme 1965, Rhodes et al. 1991). Higher rates of delayed breeding may
reduce productivity as later-born fawns have been shown to suffer greater mortality than
their earlier-born cohorts (Butts et al. 1978). Late born fawns may also suffer lingering
developmental effects such as reduced antler and body size (Shea et al. 1991, Gray II et
al. 2002)
Ideally, fawning coincides with the periods of greatest available nutritional
resources because nutritional requirements are highest for female ungulates during the
third trimester of pregnancy and the following several months post partum (Verme 1963,
Parker et al. 2009). Therefore, the nutritional status of the doe has profound effects on the
development and survival of fawns (Verme 1962) . In temperate climates, spring greenup represents the optimal time for fawning. As the spring progresses into summer,
however, the nutritional quality and digestibility of available forage declines.
Consequently, does that give birth later in the year may not adequately recover fat stores
to enter the breeding season in prime reproductive condition due to lactation stress and
conception may be delayed (Cothran et al. 1987).
Furthermore, synchronous breeding among mammals leads to a contracted
parturition period and may decrease predator efficiency through “predator swamping”,
thus maximizing recruitment (Edmunds 1974, Estes and Estes 1979, O'Donoghue and
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Boutin 1995). This survival strategy may be an important factor in recruitment rates for
white-tailed deer in some parts of their range. For instance, more than half of whitetailed deer fawns in Colorado that were born outside of the peak parturition period were
predated by coyotes (Canis latrans) (Whittaker and Lindzey 1999). However, it is
unknown if predator swamping is a significant factor in recruitment rates for deer in the
Southeast.
Knowledge of the breeding ecology and reproductive potential of the deer herd is
fundamental to sound management. The white-tailed deer is the most popular big game
animal in North America with over 10 million hunters pursuing it each year (U.S. Fish
and Wildlife Service 2007). In South Carolina deer hunting generates over $200 million
annually in direct retail sales alone (U.S. Fish and Wildlife Service 2007) and is
responsible for funding conservation efforts for many other species. Hunter contributions
are directly responsible for the success of the North American Model of Wildlife
Conservation (NAMWC) (Geist 2001). One of the guiding principles of the NAMWC is
that science must be the basis for wildlife management policies. Accordingly, a
comprehensive management strategy, guided by scientific inquiry, is imperative to ensure
deer conservation and the future of deer hunting in South Carolina.
With current economic and logistical constraints limiting the opportunity for the
SCDNR to collect reproductive data from harvested deer, alternative methods are
necessary to assess the reproductive parameters of the herd in a more recent context so
that management decisions are based on current data that reflect the dynamic nature of
white-tailed deer populations.
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Our objectives for this study were: 1) assess the phenology of the white-tailed
deer breeding season in the Coastal Plain of South Carolina by utilizing novel data
sources, 2) compare reported conception date frequency distributions from SCDNR data
(1970-2010) to data we collected in 2010 and 2011, and 3) determine the fecundity of
adult deer collected in our study.
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CHAPTER TWO
METHODS

Collection and Calculation of Conception Dates
Because traditional methods of data collection for white-tailed deer are currently
unavailable in South Carolina through check stations or other means, we sought to gather
data from non-traditional, i.e. novel sources. Cooperators that participated in this effort
included private landowners, hunt club managers, privately-contracted sharpshooters in
residential developments, and a deer processor in both years. All of our samples were
collected within Game Zones 3 and 6 (Appendix C).We collected a total of 274
reproductive tracts from 5 November – 17 February, 2010-2011 (2010 season) and 1
December- 21 February, 2011-2012 (2011 season).
In 2010, we collected 152 reproductive tracts from a deer processor (n=70), six
hunt clubs and private properties (n=47), a South Carolina Forestry Commission quota
hunt (n=10), and residential developments (n=25) in the Coastal Plain of South Carolina.
Additionally, we used known parturition dates from the Savannah River Site (LAT: +33°
20' 39.84", LONG: -81° 44' 28.32") to determine the date of conception (n=34) in 2010.
In 2011, we collected a total of 122 reproductive tracts from a deer processor (n=64), four
hunt clubs and private properties (n=28), a South Carolina Forestry Commission quota
hunt (n=7), and residential developments (n=23). Deer processors did not collect fawn
uteri and we did not include fawn uteri collected elsewhere (n=1) in our analysis.
Cooperators placed doe reproductive tracts in sealable plastic freezer bags and
labeled them with date of harvest and any biological data taken at the time of collection
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such as weight and age. Cooperators then froze the tissues and we transported them to
Clemson University (Pickens County, SC) for examination. From January-February,
2012 a biologist (David Henderson, Beaufort County, SC) collected fetal measurements
during the processing of 23 harvested deer on site. We excised fetuses from thawed
reproductive tracts and used the fetal aging method developed by Hamilton et al. (1985)
for conception date determination (Appendix D). We converted forehead-to-rump or
crown-to-rump lengths to days since-conception (fetal age) and subtracted that value
from the date of collection to determine the date of conception expressed in Julian days
(i.e., 1 January=day 1). Additionally, for deer harvested after 31 December, we added
365 days to the Julian day of collection (1 January, day 366) and subtracted fetus age
from that date to calculate the date of conception. We used the mean age in days when
more than one fetus (e.g. twins) was present.
We grouped conception dates by collection period into three groups: A, B and C.
Group A included samples collected from hunter-harvested deer from 5 November- 8
January. Group B included all samples regardless of collection date. Finally, Group C
included only samples collected after 23 December (Julian day 357) or later as well as
parturition dates from the 2011 fawning season.
Fetal measurements made from deer harvested during the hunting season are
believed to be biased toward earlier breeding dates due to the requirement of Hamilton’s
method for fetuses to be at least 37 days old to accurately age (Hamilton et al. 1985). To
alleviate this bias when comparing the percentage of conceptions before, during, and after
the reported peak breeding period (6 October-16 November), we used Group C samples.
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By using these samples, collected 23 December or later (Julian day ≥ 357), we could
determine if conception had occurred by 16 November (Julian day 320).

Comparison to SCDNR Data
Exact conception dates for SCDNR’s data were not known because Julian
conception dates were grouped by week for each year and physiographic province in
which the samples were collected. For example, the year 1970 was designated “Coastal
Plain 1970” and conceptions were grouped into weeks 1 September- 7 September, 8
September- 14 September, 15 September- 21 September et cetera. We used the same
weekly delineation for comparisons with our data and excluded data not from the Coastal
Plain. The one exception was for a specific property where conception frequency for
several years was grouped into one data set. We did not include data from this property in
our yearly comparisons because the data included multiple years of collections and were
grouped together. We did, however, include this data set when comparing our data to all
years of SCDNR’s data. The mean conception date for SCDNR data was calculated by
multiplying the frequency of conceptions for the week by the Julian day for the first day
of that week and dividing by total number of samples (Figure 2.1). We compared our
mean conception dates for all groups against the corresponding mean date from SCDNR
data using a t-test.
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Mean conception date = (∑ c ∙ J )/ N,
where c = the frequency of conceptions for the week, J = the Julian day for the first day
of that week, and N = the total number of samples.

Figure 2.1. Equation for calculating the mean conception date for SCDNR data.

We compared our distributions of conception dates for each year to corresponding
distributions from SCDNR using a chi-square analysis to test for homogeneity of
distribution. To create distributions of conception dates we divided conceptions into 3
intervals: pre-6 October (Pre), 6 October- 16 November (Mid), and post-16 November
(Post). This delineation enabled us to compare the percentage of conceptions occurring
during the 6 October-16 November interval in our sample to SCDNR’s percentage. We
also divided conceptions into 5 intervals; pre-6 October (Interval I), 6 October- 19
October (Interval II), 20 October-2 November (Interval III), 3 November- 16 November
(Interval IV), and post-16 November (Interval V). Any doe collected after 22 December
that was not pregnant, or with embryos too small to measure (<37 days), we grouped in
the post-16 November conception category (n=17). We compared frequency distributions
for 2010 and 2011 breeding seasons and 2010-2011 combined to individual years and all
years combined of SCDNR’s data.
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Analysis of SCDNR Data and Comparison
We also evaluated SCDNR’s data for normality using a probability plot. The
initial distribution plot of the data indicated a skewed left distribution that was truncated
in mid-November. This truncation coincides with the latest conception dates that the fetal
aging method can detect during the South Carolina hunting season that ends on January
1. For example, a deer collected on 1 January (Julian day 366) that bred on 26 November
(Julian day 330) would contain an embryo that was 36 days old (366-330=36) and not
sufficiently developed to age by this method. Therefore, the latest possible date of
conception that could be determined by this method from hunter-harvested deer in South
Carolina is 25 November (Julian day 329).
We compared distributions of conception dates for our hunter-harvested deer
(Group A) in 2010 and 2011, regardless of collection date, to each year of SCDNR’s data
using a chi-square test. For this comparison, we classified conception dates as either
prior to 16 November or after 16 November. Because our hunter-harvested data for 2011
did not include any conceptions occurring after 16 November, we combined 2010 and
2011 conceptions for this comparison.

Fecundity
We calculated fecundity as fawns per pregnant doe. One fawn reproductive tract
was collected (Beaufort County, SC) but was not included in our analysis. We calculated
rates for 2010 and 2011 for each age class. Our sample size was limited for known-age
deer because of our reliance on laypersons to collect most of the reproductive tracts.
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However, we used 58 known- age does (as per Severinghaus 1949) in our calculations
for 2010 (n=34) and 2011 (n=24). Also, we calculated fecundity rate for all pregnant does
(n=219) regardless of age.

Statistical Analyses
All statistical analyses, were performed used SAS 9.2 (SAS Institute, Cary, North
Carolina). Mean conception dates are reported ± 1SE and 95% confidence intervals for
proportion means are shown in parentheses. Significance was set at α=.05 for all
comparisons.
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CHAPTER THREE
RESULTS

Mean Conception Dates
Two-hundred-nineteen of 274 (75.18-84.67%) reproductive tracts contained
fetuses sufficiently large to measure. A total of 253 conception dates were calculated
from fetal measurements (n=219) and parturition dates (n=34). The range of conception
dates for 2010 was 121 days: 31 August- 30 December for all deer (Group B) and 31
August- 20 November for hunter-harvested deer (Group A). The range of conception
dates in 2011 was 116 days: 10 September-4 January for Group B and 10 September -20
November for Group A. The latest conception date for hunter-harvested deer (November
20) was from a doe killed on January 8 during a special youth hunt.
The mean conception date in 2010 for hunter-harvested deer (Group A), all deer
(Group B), and post December 22nd collections (Group C) was 12 October±1.63,
22 October±1.88, and 31 October±2.71, respectively (Table 3.1). Means were
significantly different for all three collection periods (p<.0001). The mean conception
date in 2011 for hunter-harvested deer (Group A), all deer (Group B), and post December
22nd collections (Group C) was 16 October±1.52, 24 October±2.07, and 26
October±2.39, respectively (Table 3.2). Means were significantly different for all three
collection periods in both years (p<.0001). The inclusion of data from parturition dates
and post-season collections changed the mean conception date by 19 days for 2010 and
14 days for both years combined (Tables 3.1 and 3.3).
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Table 3.1. Mean, median, standard deviation, and 95% confidence interval for the

mean conception date for white-tailed deer (Odocoileus virginianus) in the Coastal
Plain of South Carolina 2010–2011 (2010 season).
2010 Breeding Season
Group A

Group B

Group C

Hunter-Harvested
Only
(n=91)
October 12

All Known
Conception Dates
(n=146)
October 22

Parturition, Lateseason, and PostSeason (n=79)
October 31

285.71

295.17

304.34

(282.48, 288.95)

(291.46, 298.88)

(298.95,309.73)

Median

288.00

293.00

304.00

Standard Deviation

15.52

22.69

24.09

Mean Calendar
Conception Date
Mean Julian Conception
Date
95% CI

SCDNR Mean
Conception Date

298.1

Data are grouped by collection period: 5 November 2010 – 1 January 2011 (Group A), 5
November 2010 – 17 February 2011 (Group B), and 23 December 2010 – 17 February
2011 (Group C).
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Table 3.2. Mean, median, standard deviation, and 95% confidence interval for the

mean conception date for white-tailed deer (Odocoileus virginianus) in the Coastal
Plain of South Carolina 2011 – 2012 (2011 season).
2011Breeding Season

Mean Calendar
Conception Date
Mean Julian Conception
Date
(95% CI)
Median
Standard Deviation

Group A
Hunter-Harvested
Only
(n=86)
October 16

Group B
All Known
Conception Dates
(n=107)
October 24

Group C
Late-season and Post
Season
(n=88)
October 26

289.67

297.36

299.39

(286.66,292.69)

(293.26,301.45)

(294.64,304.14)

291

294.0

294.5

14.07

21.37

22.42

SCDNR Mean
Conception Date

298.1

Data are grouped by collection period: 1 December 2011 – 8 January 2012 (Group A), 1
December – 21 February 2012 (Group B), and 23 December 2011 – 21 February 2012
(Group C).
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Table 3.3. Mean, median, standard deviation, and 95% confidence interval for the

mean conception date for white-tailed deer (Odocoileus virginianus) in the Coastal
Plain of South Carolina 2010-2012 (2010-2011 seasons).
2010-2011 Breeding Seasons

Mean Calendar
Conception Date
Mean Julian Conception
Date
(95% CI)
Median
Standard Deviation

Group A
Hunter-Harvested
Only
(n=177)
October 14

Group B
All Known
Conception Dates
(n=253)
October 23

Group C
Late-season and Post
Season
(n=167)
October 28

287.64

296.09

301.73

(285.42,289.85)

(293.36,298.83)

(298.17,305.29)

290

293

297

14.92

22.12

23.29

SCDNR Mean
298.1
Conception Date
Data are grouped by collection period: 5 November 2010 – 1 January 2012 and 1
December 2011 – 8 January 2012 (Group A), 5 November 2010 – 17 February 2011 and
1 December 2011 – 21 February 2012 (Group B), 23 December 2010 – 17 February 2011
and 23 December 2011 – 21 February 2012 (Group C) .
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Comparison to SCDNR Data
Our calculated mean conception dates were different than the mean conception
date calculated from SCDNR data for Group A (p<.0001) and Group C (p=.0456).
However, the mean for Group B was not different (p=.1502) when compared SCDNR
data.
Estimates for the proportion of conceptions occurring during the 3 intervals were
not different for 2010 and 2011 (p=.15). Our collections in the 2010 and 2011 determined
that 53.26% (46.05-60.47%) of conceptions occurred between 6 October and 16
November (Figure 3.1). This proportion was much less than expected based on SCDNR
data that suggested that 82.21% of conceptions occur during that interval and the two
proportions were significantly different (p<.0001) (Table 3.4). The proportion of
conceptions prior to 6 October and after 16 November were significantly different as
well, with the exception of the pre-6 October interval in 2010 (Table 3.4). Although our
methods did not allow for precise calculations of conception dates late in the breeding
season, we were able to determine that the percentage of does we sampled that had not
conceived by 16 November was 36.36% (26.31, 46.41) in 2010, 23.96% (15.42, 32.50) in
2011, and 29.89% (23.28, 36.51) for 2010-2011 combined (Figure 3.1).
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Figure 3.1. Percentage of does that conceived prior to 6 October, between 6 October and
16 November, or had not conceived by 16 November in the Coastal Plain of South
Carolina in 2010 and 2011, as compared to SCDNR data.
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The proportion of does conceiving within each of the 5 intervals also did not
differ in 2010 and 2011 (p=.3935). There was no period within the five intervals that
could be considered the “peak of the rut” (Figure 3.2). Instead, breeding remained
relatively constant throughout with the two-week period of 20 October- 2 November
showing only a slightly higher percentage of conceptions.
The percentage of conceptions during the 5 intervals were different for 2010,
2011, and 2010-2011 when compared to all years (p<.0001) and most intervals within
years in SCDNR’s data set (Table 3.5). The difference in proportion of does conceiving
during the 5-intervals was most significant for pre- 6 October, 2 November-16
November, and post- 16 November (Intervals I, IV and V), although the proportions were
different for most intervals (Table 3.5).
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Table 3.4. Percentage of conceptions occurring Pre Oct 6, Oct 6-Nov 16, and Post
November 16 intervals for deer collected after December 22 in the Coastal Plain of
South Carolina 2010-2012. Data were compared to South Carolina Department of
Natural Resources (SCDNR) data from 1970-2010.
Year
SCDNR All
Years
Combined
2010

2011

2010 and 2011
Combined

Pre-October 6

Oct 6- Nov 16

Overall
p-value

82.21
(n=1497)

Post November
16
7.91
(n=144)

9.88
(n=180)
13.63
(n=12)
p=.2531
19.79*
(n=19)
p=.0019
16.85*
(n=31)
p=.0034

50.00*
(n=44)
p<.0001
56.25*
(n=54)
p<.0001
53.26*
(n=98)
p<.0001

36.36*
(n=32)
p<.0001
23.96*
(n=23)
p<.0001
29.89*
(n=55)
p<.0001

p<.0001*

p<.0001*

p<.0001*

*Denotes significance (p<.05) between our observed value and SCDNR’s value.
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Figure 3.2. Percentage of conceptions during prescribed intervals in the Coastal Plain of
South Carolina in 2010 and 2011.
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Table 3.5. Percentage of conceptions occurring during prescribed intervals for deer
collected after December 22 in the Coastal Plain of South Carolina 2010-2012. Data were
compared to South Carolina Department of Natural Resources (SCDNR) data from 19702010.
Year

Interval I

Interval
II

Interval
III

Interval
IV

Interval V

SCDNR
All Years
Combined

9.88
(n=180)

20.81
(n=379)

25.76
(n=469)

35.64
(n=649)

7.91
(n=144)

2010

13.64
(n=12)
p=.2531

15.91
(n=14)
p=.2565

19.32
(n=17)
p=.1758

14.77*
(n=13)
p<.0001

36.36*
(n=32)
p<.0001

<.0001*

2011

19.79*
(n=19)
p=.0019
16.85*
(n=31)
p=.0034

18.75
(n=18)
p=.6269
17.39
(n=32)
p=.2732

18.75
(n=18)
p=.1244
19.02*
(n=35)
p=.0448

18.75*
(n=18)
p=.0007
16.85*
(n=31)
p<.0001

23.96*
(n=23)
p<.0001
29.89*
(n=55)
p<.0001

<.0001*

2010-2011
Combined
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(p-value)

<.0001*
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Figure 3.3. Frequency distribution for white-tailed deer (Odocoileus virginianus) conceptions in the
Coastal Plain of South Carolina based on hunter-harvested samples 2010-2012 (A), samples collected
after 12/22 in 2010-2012 (B), all known conception dates in 2010-2012 (C), and South Carolina
Department of Natural Resources data 1970-2010 (D) .
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Analysis of SCDNR Data and Comparison
The frequency distribution for SCDNR data are skewed left with only 7.91%
(6.67, 9.15) of conceptions occurring after 16 November (Figure 3.3) and show a nonnormal distribution (Figure 3.4). The distribution of conception dates for our data show a
more normal distribution and are skewed right (Figure 3.3). Sixteen of 17 (82.93-100%)
years in SCDNR’s data set show a skewed-left distribution with conception frequencies
truncated in mid-November (Figure 3.5). The only year that showed a normal distribution
was 1970 (Figure 3.6).
For example, the distribution of conception dates for 1987 (n=103) suggest that
21.3% (14.29, 30.37) of conceptions occurred prior to 3 November, 74.1% (69.63, 85.71)
occurred within the 14-day period of 3 November to 16 November, and 0% occurred
after 16 November (Figure 3.7). The most recent data also show a similar distribution.
Data from 2010 (n=55) suggest that 38.18% (25.34, 51.02) of conceptions occurred in all
weeks prior to 27 October, 61.82% (48.98, 74.66) occurred between 27 October-9
November, and 0% occurred after 9 November (Figure 3.8). Our comparison of the rate
of conceptions occurring after 16 November for hunter-harvested deer (Group A) to all
years in SCDNR’s data set were different for all years combined (p=.0003). However,
when compared to individual years within their data set, 11 out 17 (41.99-87.42%) years
were not different than our hunter-harvested distributions (.2095<p<.7996).
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Figure 3. 4. Probability plot exhibiting a non-normal distribution for the percentage of
conceptions by week based on South Carolina Department of Natural Resources data for whitetailed deer (Odocoileus virginianus) in the Coastal Plain of South Carolina 1970-2010. A normal
distribution would show data points clustered along the line.
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Figure 3.5. Conception frequency by week for white-tailed deer
(Odocoileus virginianus) in the Coastal Plain of South Carolina for all
years 1978-2010 in SCDNR’s data set except 1970 (South Carolina
Department of Natural Resources).
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Figure 3.6. Conception frequency by week for white-tailed deer
(Odocoileus virginianus) in the Coastal Plain of South Carolina in 1970
(South Carolina Department of Natural Resources).
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Figure 3.7. Conception frequency by week for white-tailed deer
(Odocoileus virginianus) in the Coastal Plain of South Carolina in 1987
(South Carolina Department of Natural Resources).

Percentage

Conceptions by Week 2010 (SCDNR)
40.00
35.00
30.00
25.00
20.00
15.00
10.00
5.00
0.00

Week

Figure3.8. Conception frequency by week for white-tailed deer
(Odocoileus virginianus) in the Coastal Plain of South Carolina in 2010
(South Carolina Department of Natural Resources).
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Fecundity
We were able to assess the fecundity rates for 219 does. Fecundity rates for all
pregnant females, including known and unknown-age does, was 1.48±.05 in 2010
(n=112), 1.53±.05 in 2011 (n=107), and 1.51±.03 for both years (Table 3.6). Fecundity
rates for known-age females were 1.29 ±0.11, 1.35±0.12, and 1.71±0.11 for yearlings, 2.5
year olds, and 3.5+ year olds, respectively in 2010-2011 combined (Table 3.7). There
were only two samples that contained triplets- a 3.5 year old doe collected on private
property in Colleton County, SC in 2010 and a doe of unknown age collected at
Cordray’s Deer Processor in Charleston County, SC in 2011.
We observed no significant difference in fecundity rates between years for each
age class. Mean number of fetuses per pregnant doe was not different for 1.5 and 2.5
year olds (p=.72) but was greater for 3.5+ year olds than 2.5 (p=.039) and 1.5 (p=.016)
year olds. Higher fecundity rates for prime-aged does (≥3.5) were expected as the
relationship between increasing age and fecundity has been shown in numerous
preceding studies (Guynn and Hamilton 1986, Blankenship et al. 1994, Hansen et al.
1996a).
The fecundity rate for deer sampled at deer the processor was 1.44 ±.07 in 2010
(n=59) and 1.52±.07 in 2011 (n=58) and there was no difference between years (p=.43)
(Table 3.8). The overall fecundity rate for private property samples was 1.58±.10 fetuses
per pregnant doe in 2010 (n=26) and 1.65±.10 in 2011 (n=26), regardless of age (Table
3.8). There was no difference in fecundity rates for private properties between years
(p=.58). The fecundity rate for deer harvested in residential developments was 1.52±.11
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in 2010 (n=21) and 1.48±.11 in 2011 (n=21) and also did not differ between years
(p=.76) (Table 3.8).
The mean fecundity rate for deer sampled on private properties was higher than
for samples collected at the deer processor (p=.05). Likewise, mean fecundity rates were
higher on private properties than in residential communities but the rates were not
significantly different (p=.13).
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Table 3.6. Calculated fecundity (fawns per pregnant female) by year for all does collected
in the Coastal Plain of South Carolina November 2010-February 2012. Ninety-five
percent confidence intervals are shown in parentheses.

Fetuses per Pregnant Female
2010
n=112
1.48
(1.39,1.58)

2011
n=107
1.53
(1.43,1.63)
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2010-2011
n=219
1.51
(1.44,1.57)

Table 3.7. Calculated fecundity (fetuses per pregnant female) by year for known-age does
in the Coastal Plain of South Carolina collected from November 2010-February 2012.
Ninety-five percent confidence intervals are shown in parentheses.

Fetuses per Pregnant Female
Doe Age

2010
n=34

2011
n=24

1.5

1.29
(0.83,1.74)
n=7
1.47
(1.07,1.64)
n=14
1.77
(1.41,2.13)
n=13
1.50
(1.30,1.70)
n=34

1.30
(0.95,1.65)
n=10
1.33
(-0.10,2.77)
n=3
1.64
(1.29,1.98)
n=11
1.46
(1.24,1.67)
n=24

2.5

3.5+
≥ 1.5
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Combined 2010
and 2011
n=58
1.29
(1.05,1.54)
n=17
1.35
(1.10,1.61)
n=17
1.71
(1.48,1.94)
n=24
1.48
(1.34,1.62)
n=58

Table 3.8. Calculated fecundity (fawns per pregnant female) by collection location in the
Coastal Plain of South Carolina (November 2010-February 2012).
Location
Mean
95% CI
Private Properties and Hunt Clubs

1.62

1.48-1.75

Deer Processor

1.48

1.38-1.57

Residential Developments

1.50

1.34-1.66
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CHAPTER FOUR
DISCUSSION
Distribution of Conception Dates
The deer herd in South Carolina has undergone major changes in recent decades.
Harvest rates and population size have declined approximately 30% since the early-mid
1990s (SCDNR Harvest Report 2011). Additionally, recruitment rates in South Carolina
have dropped by approximately the same percentage since 2000 (QDMA Whitetail
Report 2012). With the relatively recent inclusion of coyotes as an added mortality factor
in South Carolina, coupled with years of liberal doe harvest and declining habitat
conditions, a current examination of the breeding parameters is vital to accurately assess
if adjustments to existing regulations are necessary.
By using previously under-utilized novel data sources, we were able to determine
that the breeding season for white-tailed deer in the Coastal Plain of South Carolina
appears protracted with no clearly defined peak. This protraction of the breeding season
should be of particular interest to deer hunters and managers in the state. Our results
support anecdotal observations of spotted fawns during the hunting season and the
presence of late-term fetuses in does received by deer processors early in the hunting
season. The large discrepancies between our results and the previously reported
distribution of conception dates can only be explained by either a substantial expansion
of the breeding season, the method of collection, or both.
Several factors could contribute to a longer breeding season. If the sex ratio of
the deer herd is currently skewed heavily toward females, many does may not be bred
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during their first estrus and would re-cycle about four weeks later resulting in a larger
range of conception dates and a later mean conception date (Cheatum and Morton 1946,
Hamilton et al. 1985, Jacobson et al. 1979). With the advent of Quality Deer
Management (Miller and Marchinton 1995) in the late 1980s, more hunters are willing to
harvest does now than they were when most of the historic data were collected. This
notion is supported by harvest reports from SCDNR that show that more than twice as
many bucks than does were killed in 1985 as opposed to an almost even ratio in 2010.
Therefore, the sex ratio during the hunting season should be less skewed now than in the
past and that would produce a shorter breeding season, not a longer one (Guynn and
Hamilton 1986)
Jacobson et al. (1979) suggested that harvest of mature bucks prior to the breeding
season may have significant effects on the peak breeding period by skewing the sex ratio
heavily in favor of females and making bucks less available for mating within the short
window that females are receptive in their estrous cycle. This factor may be at work in
South Carolina because of the early buck only season.
Game Zones 3-6 encompass the entire coastal plain of South Carolina (Appendix
C). The white-tailed deer season for antlered deer only begins on August 15 in Game
Zones 3, 5, and 6 and on September 1 in Game Zone 4. There is currently no limit on
antlered bucks and hunters are allowed to take 2 antlered deer per day. Legal doe harvest
commences on September 15 for all Game Zones in the coastal plain. The deer season for
antlered and antlerless deer continues until January 1 with the exception of early January
youth hunts.
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We do not know the number or age structure of the bucks harvested in the early
buck-only season but SCDNR reports that only 8% of the total harvest takes place during
that time (Appendix B). Current data regarding early buck harvest are impossible to
accurately assess because the reported percentage is based on “historic data”. The current
hunter survey asks only in which month the deer was harvested and, therefore, cannot
accurately quantify the number of bucks harvested during the period of 15 August-15
September. If hunter surveys remain the only means of harvest data collection, questions
specific to the early buck only season and the sex ratio of harvest by month should also
be included. A proposed addendum to the current hunter survey is included in the
appendices (Appendix E).
Poorer nutritional condition of deer resulting from declining habitat conditions
would also result in a longer breeding season (McCullough 1979, Verme 1965,
Wentworth et al. 1990). Verme (1965) found that well-fed, penned does bred about 15
days earlier than those on a poorer ration and suggested the same relationship for wild
populations. In wild populations, forage abundance may have significant impacts on deer
condition and conceptions dates. Wentworth et al. (1990) found that in years of poor
acorn production, conception dates were significantly later than in years with an
abundance of acorns. Overall habitat quality in South Carolina has declined in recent
decades due to reduced timber harvest and an increase in pine plantations with a closed
canopy that do not offer quality deer forage (SCDNR Harvest Report 2011). However,
current landscape level habitat conditions relative to the condition of the deer herd in the
Coastal Plain of South Carolina have not been quantified. Also, all of the private
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properties where collections occurred likely offered either supplemental food plots or
agricultural row crops to increase deer forage on the property and managed the herd by
the tenets of Quality Deer Management (Miller and Marchinton 1995). These conditions
would be associated with earlier and more contracted breeding seasons, not later and
more protracted as we observed.
The most plausible explanation for the considerable difference in distributions
between our data and historic data from SCDNR is that the historic distribution is based
on fall hunting season collections or immediately thereafter. A skewed left distribution
with a spike in breeding dates, followed by an abrupt end in frequency, is characteristic
of autumn collections which are biased toward earlier breeding dates and underestimate
the duration of the breeding season. (Rhodes et al. 1991, McCullough 1979). Does that
enter estrus later than their cohorts, are not bred during their first estrous cycle, or fawns
that enter estrus later than adults would skew the distribution right and move the mean
conception date later in the year (Cheatum and Morton 1946, Nixon 1971, Haugen 1975,
Rhodes et al. 1991). Therefore, the inherent bias of hunter harvested deer in determining
the distribution of conception dates may have prevented the SCDNR from accurately
assessing the peak and length of the rut. With declining herd recruitment and harvest
rates in South Carolina, early doe harvest that may put fawns at risk of mortality due to
the loss of their mother, should be re-evaluated to ensure that fawns are sufficiently
weaned before does are harvested.
Fawns may be weaned by 10 weeks of age (Hirth 1985) but 4 months has also
been reported (Hattel et al. 2004). Using a 3 month period of dependence for weaning (90
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days), combined with gestation (198 days), full independence would be (90+198) 288
days after conception. Conservatively, the 15 September date for commencement of doe
harvest would put fawns at risk if born after 17 June. From our post-season collections
(Beaufort County, SC) and parturition data (Savannah River Site, Barnwell County, SC)
which were not subject to fall collection bias, 13 out of 76 (17.1%) adult does would have
given birth after 17 June. If fawns breed one month later than adults, many of their
offspring also may suffer higher rates of mortality than fawns born earlier in the year.
Lower survival rates for orphaned fawns approximately 5 months old have been
shown in Texas (Giuliano et al. 1999). Giuliano surmised that higher mortality was due to
fawn lack of knowledge of available resources and possible increased predation by
coyotes (Canis latrans). Wickman found that fawns that travelled alone and did not
associate with maternal doe groups were significantly more susceptible to unintentional
hunter harvest (Wickham et al. 1993). On the contrary, Holzenbein and Marchinton
(1992) found that male fawns that had been orphaned did not suffer greater mortality than
fawns that matured with their mothers (Hölzenbein and Marchinton 1992). However,
their sample did not include fawns less than 7 months old. Similarly, Demarais et al.
(1988) found that physical development did not suffer for orphaned fawns in high quality
habitat. But their study suffered from a low sample size of orphaned (n=4) and unorphaned fawns (n=5) and they acknowledged that their study may not be applicable to
areas of poorer habitat. The inconclusive results from these studies highlight managers’
need for further research on the subject of the duration of fawn dependence on dams and
survival rates of orphaned fawns.
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Fecundity Rates

We did not identify any significant difference for fecundity rates between years
and rates were statistically the same regardless of where we collected the samples. We
should expect properties managed specifically for deer to have higher productivity due to
the availability of high quality forage such as row crops and supplemental plantings that
they offer. These properties also attempted to harvest enough does each year to maintain
the herd density at a level that is below carrying capacity of the habitat. Conversely, we
expected lower fecundity rates for samples collected at the deer processor because
samples included deer harvested from properties of variable quality and herd density.
Despite these hypothesized differences, fecundity rates did not differ by collection site.
The overall fecundity rate (1.51±.03) was lower than several other studies in the
Southeast. A twenty year study from 1965-1985 found an overall fecundity rate of 1.66
for deer ≥1.5 years old on the Savannah River Site in South Carolina (Rhodes et al.
1986). Another long-term study encompassing areas of varying habitat quality in
Mississippi observed fecundity rates of 1.61-1.81 fetuses per doe (Jones et al. 2010).
Approximately 49.8% (n=109) of all does (n=219) in our sample carried a single
fetus. Many factors could result in the observed rate of does only carrying one fetus. The
rate of singletons could possibly be the result of a large proportion of yearlings in our
sample, although yearlings only represented 29.3% (n=17) of the known age does
collected (n=58). This relatively low rate of twinning could also be indicative of poor
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nutritional condition (Verme 1969), a herd that is at or near the carrying capacity of the
habitat (McCullough 1979), or both.
We found an overall fecundity rate of 1.56 fawns per doe for deer greater than 2.5
years old and approximately one-third of the prime-age does (3.5+) were pregnant with
singletons. Studies from Mississippi and South Carolina showed higher mean fecundity
rates for the 2.5 and 3.5+ age classes. Jones et al. (2010) reported a mean rate of 1.71 and
1.82 for 2.5 and 3.5+ year olds, respectively. Rhodes et al (1986) also found higher rates
of 1.75 for 2.5 year olds and 1.73 for 3.5 year olds. Additionally, Jacobson et al. (1979)
reported a fecundity rate of 1.66 for deer ≥2.5 years old.
Overall fecundity rates are surprisingly low considering the reported recruitment
rate of 0.88 fawns per doe in South Carolina in 2010 (QDMA Whitetail Report 2012). If
our sample is representative of the population, a fecundity rate of 1.51 and a recruitment
rate of 0.88 suggest that in spite of the cumulative effects of in utero and neonatal
mortality (abandonment, predation, disease, deer-vehicle collisions, and other mortality
sources), approximately 58% (0.88/1.51) of fetuses would survive from early-pregnancy
to the fall hunting season. The reported recruitment rate may be an accurate estimate if
fawn breeding contributes a significant amount to the fawn crop each year which we were
unable to ascertain due to the timing of our collections. The findings of our fecundity
investigation warrant a current examination of the reproductive performance of deer of all
ages, particularly fawns.
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Management Implications and Recommendations
Our methods provide the SCDNR with a potential model to augment their data
collection. Currently, deer are managed on a physiographic scale as opposed to a more
localized scale common in other states. Local population parameters could be better
estimated by using deer processing facilities, cooperating landowners, and wildlife
control operators as new sources of data. We offer several novel ideas that may improve
our ability to better manage the deer herd given current economic, logistical, and political
constraints.
Deer processing facilities handle tens of thousands of deer each year. Two South
Carolina processors we contacted each processed 3,000-5,500 deer per year (Glenn Jones,
Northwest Meat Processing, Greenwood County, SC; and Kenneth Cordray, Cordray’s
Deer Processor, Charleston County, SC, personal communications) and are potential
sources of large amounts of data that could be used to better manage South Carolina’s
deer herd. Additionally, Georgia requires all deer processors to mark deer with the date of
harvest, county of kill, and sex of deer. No such requirements currently exist in South
Carolina. Requiring deer processors to report this information to the SCNDR could
augment their harvest survey data and provide more specific information about deer in a
specific locale. Collecting reproductive data from deer processors both late and early in
the hunting season would allow SCDNR to monitor the relative distribution of conception
dates and fecundity rates for the herd in that area. While it is not always possible to
calculate conception dates or fecundity for fawns harvested during the hunting season due
to their tendency to conceive considerably later than adults (Johns et al. 1977, Rhodes et
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al. 1991), lactation rates for yearling does collected in early fall provide an accurate
estimation of fawn productivity in the previous year (Rhodes et al. 1986). Also, other
biological data such as the average weight of yearling bucks, age-specific antler
measurements, kidney fat indices, parasite loads, and the age distribution of the harvest
could be gained from using deer processors as bio-check stations.
Another potential source of data is deer collected by sharpshooters permitted to
harvest deer for population reduction efforts in residential developments. They, too,
handle substantial numbers of deer each year with no requirement to report biological
data. Moreover, some of these wildlife damage management professionals are trained
biologists with the requisite skills to collect biological data that laypersons are not
qualified to do. Samples collected in our study by one such biologist (David Henderson,
Beaufort County, SC) showed that the peak of breeding for that area was much later that
than previously believed. The map of peak breeding dates produced by SCDNR (South
Carolina Department of Natural Resources 2010) reported a peak breeding period of 1
October- 1 November for the extreme southeastern portion of the state. We estimated a
mean conception date of 21 November with only 14.3% of conceptions occurring from 1
October-1 November for deer collected in Beaufort County. Clearly, a considerable gap
exists between the current state of knowledge regarding conceptions dates for that area
and our results, and further demonstrates the value of new sources of data in assessing
current parameters.
Citizen science has proved invaluable for expanding the reach of a relatively
small population of formally trained personnel. For example, ornithological data
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collected on Breeding Bird Surveys (BBS: https://www.pwrc.usgs.gov/bbs/) and
Christmas Bird Counts (CBC: http://birds.audubon.org/christmas-bird-count) carry
significant weight in determining conservation policy, research, and implementation
directed towards bird conservation. We propose that the same potential exists for citizen
science to be expanded to deer management by using hunters to collect observation data
related to sex ratio and recruitment. SDCNR already uses this method to estimate
recruitment for wild turkeys (Meleagris gallapavo) each year. Other states including
Wisconsin, Indiana, and New York have created surveys to assess the abundance and
distribution of deer and other wildlife. This method is limited by the efficacy of the
observer to differentiate between fawns and does, but a reasonable estimation for the
antlered: antlerless ratio could be made based on hunter observation data.
Given the major changes that have occurred in South Carolina’s deer herd
including a thirty percent reduction in herd size, harvest rate, and recruitment, as well as
coyotes as an added mortality factor, many questions remain. These include inquiries
relative to the true distribution of conception dates for each Game Zone in South Carolina
and, consequently, whether current regulations allow state agencies tasked with
scientifically managing the deer herd the ability to meet conservation objectives. We
suggest that there may be significant impacts of practices, such as the early buck season
and continued encouragement of liberal doe harvests, on recruitment rates, sex ratio, and
the distribution of conception dates. As reductions in herd size, harvest rates, and
recruitment interact with dynamic fecundity rates, changing habitat conditions,
increased predation, or combinations of these factors, how might we most effectively
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manage South Carolina’s deer herd scientifically and sustainably for the future of the
resource?
We do not suggest that these critical questions can be answered from hunter
harvest surveys and limited biological data. The results of this study warrant a
comprehensive re-evaluation of current breeding season and reproductive biology
parameters of South Carolina’s deer herd. Late-winter and early-spring collections of
female deer of all ages, combined with data from new and novel sources, can begin to
answer these questions and would allow managers to relate the findings to existing
conditions and management goals.
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Appendix A
Map of Peak Breeding Dates for White-tailed Deer in South Carolina

Figure A-1: Peak breeding dates for white-tailed deer in South Carolina. (Courtesy of
SCDNR, 2010)
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Appendix B
South Carolina Deer Harvest Report Figures

Figure B-1: Frequency distribution for deer conceptions in South Carolina as reported by
the South Carolina Department of Natural Resources (SCDNR 2011 Deer Harvest
Report). <http://www.dnr.sc.gov/wildlife/deer/2011DeerHarvestReport.html>

45

Figure B-2: Deer harvest by week for deer in South Carolina (SCDNR 2006 Deer Harvest
Report). <http://www.dnr.sc.gov/wildlife/deer/2006DeerHarvestReport.html>
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Appendix C
Map of South Carolina Game Zones

Figure C-1: Game Zone map for South Carolina (South Carolina Department of Natural
Resources)

47

Appendix D
Fetal Scale for Fetal Aging Method

Figure D-1: Fetus scale for white-tailed deer (Odocoileus virginianus) developed by
Hamilton et al 1985. (Courtesy of the Quality Deer Management Association)

48

Appendix E
South Carolina Deer Hunter Survey and Proposed Addendum

Figure E-1: Cover page for South Carolina Deer Hunter Survey, published by SCDNR
2012.
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Figure E-2: South Carolina Deer Hunter Survey Questions, published by SCDNR 2012.
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4. Please record the number of bucks, does, or fawns harvested during each period.
August
15August
31

September
1September
15

September
16September
30

October
1October
15

October
16October
31

November
1November
15

November
16November
30

December
1December
15

December
16January 1

Bucks
Does
Fawns

12. Please record the following information for each buck you harvested.
Number of antler points
Weight
Circle one: The measurement given above is live weight or dressed weight

13. Please record the following information for each doe you harvested.
Weight
Circle one: The measurement given above is live weight or dressed weight

14. Please record the number of bucks, does, or fawns you took to a deer processing
facility.
Bucks
Does
Fawns
15. Did you see any spotted fawns this deer season?

Yes

No

If yes,circle the month in which you saw the spotted fawn (s)?
August
September
October
November
December
16. Compared to last year, when do you think the rut occurred this year? Circle one.
Earlier
About the Same
Later

Figure E-3: Proposed addendum to South Carolina Deer Hunter Survey.
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